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  Technology	
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What are the properties 
of known materials? 

What new, useful 
materials might exist? 

How can I optimize 
a material over 
multiple criteria?  

Often, ‘experience’ is the only guide. 
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Materials Project 
team 

Any materials researcher 



¡  >7000 registered 
users 
§  >1000 industry 

¡  Internally – new 
battery materials 

¡  >150 citations 

¡  20 million CPU-hours 
§  >50,000 materials 
§  >300,000 DFT jobs 
§  >1 million small jobs 

Li3MPO4CO3	
  cathode	
  materials	
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¡  Persistent record of jobs, not “run and forget” 
¡  As new functionalities are available, new jobs 

are added depending on what was run before 



¡  Deal with failed calculations 
¡  Results of initial calcs determine the remainder of 

the workflow in complex ways 
¡  Rerun from mid-workflow essential 

Detours 

(about 10-20% of jobs fail and must be 
rerun with different input parameters) 

Branches 

(based on the result of a calculation, the 
entire workflow might need to be modified) 



¡  Need to keep track of what was submitted 
§  Which materials? 
§  Which properties on those materials? 

¡  Multiple users are submitting materials 
¡  We need to make sure we don’t duplicate work 

A	
   A	
  

Duplicate Job detection 

(if two workflows contain an identical step, 
ensure that the step is only run once and relevant 
information is still passed) 



¡  Easy-to-install 
§  FW currently at NERSC, SDSC, group clusters – Blue 

Gene planned 
¡  Working within the limits of queue policies 
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¡  We wanted something we could get started with 
ourselves, without expert guidance or advice 

¡  We wanted control of the source 
§  e.g. FireWorks is on GitHub 
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The goal was not to take the workflow world by storm, 
but to build something for our needs that was still very 
general and also extensible by the community 



LAUNCHPAD 
FW 1 

FW 2 

FW 3 FW 4 

ROCKET LAUNCHER / 
QUEUE LAUNCHER 

Directory 1 Directory 2 



fws:	
  
-­‐	
  fw_id:	
  1	
  
	
  	
  spec:	
  
	
  	
  	
  	
  _tasks:	
  
	
  	
  	
  	
  -­‐	
  _fw_name:	
  ScriptTask:	
  
	
  	
  	
  	
  	
  	
  script:	
  echo	
  'To	
  be,	
  or	
  not	
  to	
  be,’	
  
-­‐	
  fw_id:	
  2	
  
	
  	
  spec:	
  
	
  	
  	
  	
  _tasks:	
  
	
  	
  	
  	
  -­‐	
  _fw_name:	
  ScriptTask	
  
	
  	
  	
  	
  	
  	
  script:	
  echo	
  'that	
  is	
  the	
  question:’	
  
links:	
  
	
  	
  1:	
  
	
  	
  -­‐	
  2	
  
metadata:	
  {}	
  

(this is YAML, a bit prettier for humans 
but less pretty for computers)


The	
  same	
  JSON	
  document	
  will	
  
produce	
  the	
  same	
  result	
  on	
  
any	
  computer	
  (with	
  the	
  same	
  
Python	
  functions).	
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  'To	
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  or	
  not	
  to	
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  fw_id:	
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  spec:	
  
	
  	
  	
  	
  _tasks:	
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  -­‐	
  2	
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  {}	
  

Just some of your search 
options:



•  simple matches

•  match in array

•  greater than/less than

•  regular expressions

•  match subdocument

•  Javascript function

•  MapReduce…


All	
  for	
  free,	
  and	
  all	
  on	
  the	
  native	
  workflow	
  format!	
  

(this is YAML, a bit prettier for humans 
but less pretty for computers)




Use	
  MongoDB’s	
  dictionary	
  
update	
  language	
  to	
  allow	
  for	
  
JSON	
  document	
  updates	
  

Workflows	
  can	
  create	
  new	
  	
  
workflows	
  or	
  add	
  to	
  
current	
  workflow	
  
•  a	
  recursive	
  workflow	
  
•  calculation	
  “detours”	
  
•  branches	
  





¡  Run directly on a node 
¡  Run a single job within a PBS script 

§  generic or highly tailored to the job, e.g. walltime 
¡  Consecutively pull many jobs in a PBS script 
¡  Run via PBS/SGE/SLURM/NEWT 
¡  Distribute jobs over many workers/computers 
¡  Pack jobs and pretend to be a big job without 

any setup 



¡  As the main workhorse for managing DFT 
computations 

¡  For “computations on demand” of smaller 
structure prediction jobs 
§  duplicate check essential! 

¡  As part of a “mission simulator” for developing 
new features 



http://pythonhosted.org/FireWorks/	
  
	
  

or	
  Google	
  “Python	
  FireWorks”	
  
(or	
  maybe	
  even	
  “Python	
  workflow	
  software”)	
  


